Summary. This paper reviews 101 patients with dislocations and fracture dislocations of the cervical spine with neurological involvement, treated by closed reduction under anaesthesia. All were admitted to a specialised unit where early accurate diagnosis was followed by the application of Crutchfield tongs and an early attempt at closed reduction.
Introduction
THERE is as yet no unanimity on the management of cervical spine dis locations with neurological involvement. Guttmann (1973) advocated pos tural reduction. By contrast skeletal skull traction (Crutchfield, 1954; and Key, 1975) enjoys widespread support today; but closed reduction under anaesthesia has been advocated by Burke and Berryman, (1971) , and by Evans (1983) . The management of dislocation of the cervical spine with neurological damage has evolved gradually at the Spinal Cord Injuries Centre, Conradie Hospital since 1963. This paper will describe the method of closed reduction employed today. A one-year follow-up of 101 patients will be presented.
The treatment of dislocations and fracture-dislocations of the cervical spine is bedevilled by the confusion that exists regarding the meaning of the terms dislocation, subluxation and locked facets. Sher (1980) has recom mended that the terminology should be clarified by referring to vertebral body displacement as 'listhesis' or 'retrolisthesis' and to apophyseal joint displacement as 'dislocation ' and 'subluxation'. In this paper, Sher's definitions will be employed. Thus, Figure 2 reveals listhesis of C5 on C6 with unilateral dislocation and inter locking of the facets of the apophyseal joints.
Materials
From January 1976 to December 1980, 101 patients were admitted with dislocation or fracture-dislocation of the cervical spine, all with neurological involvement. The degree of neurological involvement and level of dis location is set out in Table I . Complete tetraplegia on admission was defined as the complete absence of motor and sensory functions below the level of the lesion on clinical examination. Incomplete tetraplegia was defined as the presence of some neurological function below the level of the lesion on examination. By these criteria, 56 had complete tetraplegia and in 45 the neurological involvement was incomplete.
Methods
The following is the routine management that was employed: On admission an accurate general assessment is made. A neurological examination is carried out as well as the appropriate radiological investigation. The patient is put onto a pack bed and is lifted two-hourly by a trained turning team. Skeletal traction is applied in the ward under local anaesthesia. We prefer Crutchfield tongs as they are easily applied and do not interfere with the positioning of the patient in the lateral position. Occasionally use
Listhesis of C5 on C6 with unilateral dislocation and interlocking of the facet of the apophyseal joints.
is made of Cone's Calipers, when the site of lacerations of the scalp precludes the use of Crutchfield tongs. Traction with 5 kgs is applied initially. When the dislocation is of less than 24 hours duration, closed reduction under anaesthesia is attempted. If the injury is more than 24 hours old, only increasing traction is applied initially; the weight is increased by 2 kgs half-hourly with X-ray control and under the supervision of the medical attendant. A maximum of 15-18 kgs is applied, depending on the general condition of the patient. If the dislocation fails to reduce, closed reduction under anaesthesia is attempted.
The following is our routine for closed reduction: The patient is taken to the operating theatre on the pack bed. To facilitate transfer of the bed to the theatre, a specially designed undercarriage was manufactured with larger wheels than those of a conventional hospital bed. Unnecessary trans fers are thus avoided and constant skeletal traction is maintained, which is not always possible on a theatre trolley. It is important to apply traction in a neutral position or slight flexion, but not in extension while the cervical spine is still dislocated. In the theatre the image intensifieds used to monitor the reduction. Light Penthothal anaesthesia is used with a short acting relaxant (Scoline). Intubation is not done as a routine, but all the necessary equipment is kept in readiness in case the anaesthetist requires it. Extension of the dislocated cervical spine must be avoided during intuba tion. When the patient is completely relaxed, closed reduction is attempted. Two assistants hold the shoulders and upper arms to apply counter traction. Standing to the left of the anaesthetist, the orthopaedic surgeon holds the head with one hand under the chin and the other behind the occiput. Weights are then released while Crutchfield tongs remain in situ. Increased traction in the neutral position is applied under control of the image intensifier. Often a click or thump can be felt as the dislocation is reduced. If the reduction is successfully achieved, the patient is lifted by the turning team with the head suspended. A pillow is placed under the shoulders and the traction is re-applied with the neck now in extension. Control left and right sided lateral X-rays are taken to confirm the reduction of the dislocation.
If reduction is not achieved, further manoeuvres may have to be attempted: first, rotation with increased traction, then lateral traction with the assistant applying increasing traction on the arm on the opposite side.
FIG. 3
Bio-con Cervical collar.
FIG. 4
Bio-con collar fitted to patient.
FIG. 5
Lateral view of a reduced cervical spine still in extension after three months immobilisation.
If reduction is still unsuccessful and the general condition of the patient is satisfactory, an open reduction, wiring and spinal fusion is performed using the posterior approach.
After reduction, immobilisation on a pack bed is maintained for 12 weeks, during which time the routine tetraplegic care of joints, skin and the urinary system is maintained. Routine neurological assessments are carried out to detect any improvement or deterioration; and routine lateral radiographs are taken at 3 weeks and 6 weeks. Flexion and extension lateral radiographs are taken to assess stability at 12 weeks.
In the early years covered by this review, the decision for or against fusion was taken at 12 weeks. If the lesion was found to be radio logically stable at that stage, the patient was allowed up. For the first 6 weeks out of bed the neck was supported in a Bio-con Cervical Collar (Abrahams and Shrosbree, 1979-1980) by day (Figs. 3 and 4) and in a soft sorbo collar at night. If the spine was found to be unstable at 12 weeks (Figs. 5 and 6 ), a delayed posterior fusion with wiring was done at that stage (Fig. 7) . In more recent years we have tried to anticipate instability in the 6-week neutral radiograph. At that stage we looked for widening of the interspinous gap, listhesis of the vertebral body, widening of the disc space posteriorly and forward subluxation of the articular facets as is seen in Figure 8 . This appearance was the indication for posterior fusion at that stage.
Results
Eighty-two out of 101 dislocations were completely reduced by the closed method. Failure of closed reduction was immediately followed by open reduction in a further four patients. In six patients bilateral locked facets were partly reduced to unilateral locked facets and this state was accepted. In the remaining nine, failure of closed reduction was accepted and no open reduction performed because of the poor general condition of the patient. Seventeen patients had posterior fusion and wiring for radiologically demonstrable instability at 12 weeks, and a further six patients were fused at 6 weeks for the reasons set out in the previous paragraph. The neuro logical state was assessed 6 months after injury, and is presented on Tables  II and III . By a complete lesion on admission this meant a total loss of all sensory and motor functions below the level of the lesion. In incomplete lesions, some sparing was present on admission. By 'major recovery' we mean that full or diminished sensory recovery has occurred with a useful degree of motor recovery. By 'minimal recovery' is meant a non -functional motor recovery and! or patchy sensory recovery. It is note worthy that no patients' neurological state deteriorated. Further, some degree of neurological recovery was recorded in seven out of 56 complete lesions and in 37 out of 45 incomplete neurological lesions.
Despite an air-service and appeals for immediate referral of Spinal Cord injuries, 36 patients reached us more than 24 hours after the time of the accident. This is attributed partly to the large referral area (1,200 km radius) and partly to failure to recognise the seriousness of the injury. Tables II  and III analyses the neurological outcome of the early admissions against that of the late admissions. No statistically valid conclusions can be drawn, but it does not seem as if the duration of the lesion materially influenced the neurological recovery rate. Looking specifically at the 16 total tetra plegics admitted after 24 hours, two out of three with unilateral locked facets and one out of 13 with bilateral locked facets exhibited major neuro logical recovery (Table II) .
Discussion
Our major misgiving when undertaking closed reduction under anaesthesia was that the neurological damage might be made worse. Tables II and  III show that 44 had improvement in their neurological status and none deteriorated. Our results have convinced us that careful reduction under radiological control does not cause further neurological damage. It must be emphasised that we have not used the methods of reduction advocated by Burke and Berryman (1971) and Evans (1983) . Increased traction under a short-acting muscle relaxant, without intubation while the head is kept neutral or slightly flexed, are all essential ingredients of an easy, quick and atraumatic reduction. Some controversy still exists regarding the need for early surgical fusion. We have done early fusion only in those cases (four in all) in whom. early open reduction was necessitated by failure of closed reduction. Of the 82 successful closed reductions, we did delayed fusion on a total of 23 when instability was found at 6 to 12 weeks. None of the patients who did not have spinal fusion have returned with late in stability. We now recommend fusion in the minority of cases in whom instability is demonstrated on the 6-week non-stressed lateral radiograph by widening of the interspinous dIstance, minor listhesis of the vertebral body, widening of the posterior disc space or subluxation of the facet joints (Fig. 8 ).
-D e ath occurred in 13 patients. None died in the first 3 days after reduction. Six deaths occurred at 4-7 days, four occurred during the second week and three occurred after the end of the second week. No death was attributable to post-anaesthetic complications; death was due to respiratory failure and cardio-vascular dysfunction. It is worth considering the value of reducing the cervical dislocation in complete tetraplegics admitted later than 24 hours after injury. Neuro logical improvement in two out of three such patients with unilateral locked facets and one out of 13 with bilateral locked facets encourage us to recom mend reduction of all such dislocations, even when admitted after 24 hours (Shrosbree, 1979 (Shrosbree, -1980 . This series has no controls; we have no data on what happens if the dislocation is left unreduced. It is probable, however, that local pain and deformity could cause on-going disability in addition to the possible reduced likelihood of neurological recovery.
Summary and Conclusions
I. Careful closed reduction of cervical dislocations with neurological involvement is a safe and effective form of management. 2. No patients' neurological state was made worse and 44 out of 101 showed a greater or lesser degree of improvement. 3. Early posterior fusion with wiring is recommended only occasionally.
In our 101 patients, it was performed four times, necessitated by failure of closed reduction. 4. Fusion is not always necessary: delayed fusion may be performed at 6 weeks when an unstressed lateral radiograph shows widening of the interspinous distance, minor listhesis, widening of the posterior disc space or subluxation of the facet joints. 5. A flexion radiograph at 12 weeks may yield more convincing evidence of instability which is an indication for posterior fusion with wiring at that stage. In our series of 101 patients, only 23 came to fusion at 6 or 12 weeks. 6. This series demonstrated neurological improvement in three out of 16 patients admitted over 24 hours after injury with complete tetraplegia on admission. On this basis, reduction of the dislocation is recommended even after a delay of 24 hours or more. Von den 45 Pazienten mit unvollkommenen Verletzungen, haben 6 eine vollkommene klinische Genesung und 28 eine bedeutende Genesung erwiesen, und es sind 3 Todfii lle von 9 bis 14 Tagen nach der Verletzung gewesen.
Unsere Ergebnisse lassen uns glauben, dass die Methode sicher und zuverliissig ist, auch bei Pazienten, die mehr als 24 Student nach der Verletzung aufgenommen worden sind.
